When radiometers on a satellite are pointed towards the planet with the goal of understanding a phenomenon quantitatively, rather than just creating a pleasing image, the task at hand is often problematic. The signal at the detector can be affected by scattering, absorption, and emission; and these can be due to atmospheric consituents (gases, clouds, and aerosols), the earth's surface, and subsurface features. When targeting surface phenomena, the remote sensing algorithm needs to account for the radiation associated with the atmospheric constituents. Likewise, one needs to correct for the radiation leaving the surface, when atmospheric phenomena are of interest. Rigorous validation of such remote sensing products is a real challenge. In visible and near infrared wavelengths, the jumble of effects on atmospheric radiation are best accomplished over dark surfaces with fairly uniform reflective properties (spatial homogeneity) in the satellite instrument's field of view (FOV). The ocean's surface meets this criteria; land surfaces -which are brighter, more spatially inhomogeneous, and more changeable with time -generally do not. NASA's Clouds and the Earth's Radiant Energy System (CERES) project has used this backdrop to establish a radiation monitoring site in Virginia's coastal Atlantic Ocean. The project, called the CERES Ocean Validation Experiment (COVE), is located on a rigid ocean platform allowing the accurate measurement of radiation parameters that require precise leveling and pointing unavailable from ships or buoys. The COVE site is an optimal location for verifying radiative transfer models and remote sensing algorithms used in climate research; because of the platform's small size, there are no island wake effects; and suites of sensors can be simultaneously trained both on the sky and directly on ocean itself. This paper describes the site, the types of measurements made, multiple years of atmospheric and ocean surface radiation observations, and satellite validation results.
INTRODUCTION.
The retrieval of shortwave and longwave irradiance at the planet's surface using satellite observations is an important and complicated business.
The surface, atmospheric and top of atmosphere (TOA) irradiances are the basic drivers of climate and the hydrological cycle, and satellites are the only practical means of obtaining global coverage. The retrieval is complicated because using satellite radiation measurements to infer the surface irradiance requires an accounting for the effects of aerosols, clouds, and optically-active gases in the atmosphere itself. Aerosols and clouds are not easily measured. Fortunately, satellite retrievals of surface irradiance can be validated with surface measurements obtained at various sites throughout the world. This gives us confidence in the atmospheric correction algorithms and their associated input parameters (water vapor, aerosols, clouds, etc.) . After verifying these algorithms using surface radiation observations (from various sites) we have more confidence in using them over the remainder of the planet where surface observations do not exist.
A difficulty arises with the validation, however. Solar radiances at the satellite altitude are sensitive to the surface albedo, which can vary significantly within a satellite radiometer's field of view (FOV); an example of variable surface albedo is shown in Figure 1 for the Southern Great Plains site operated by the Department of Energy's Atmospheric Radiation Measurement (ARM) program. Such variability in surface properties is impractical to monitor with ground instrumentation, so at least some sites that are representative of a single satellite FOV with more homogeneous surface characteristics are desired for validation of the CERES (Wielicki et al., 1996) Surface and Atmospheric Radiation Budget (SARB) products (Charlock and Alberta, 1996; Charlock et al., 2005) . The SARB products include surface and atmospheric estimates of downwelling and upwelling shortwave and longwave irradiances. The ocean offers large areas of homogeneity, and several island sites are part of the CERES validation program.
Islands can perturb the local meteorological field (Fig 2) , however, leading to discrepancies between the satellite and surface measurements (Nordeen et al., 2001, McFarlane and Evans, 2003) .
{PAGE }
The CERES Ocean Validation Experiment (COVE) was established in 1999 to allow more optimum observations over ocean waters with minimal island affects. Accurate radiation observations are continuously collected on the US Coast Guard's Chesapeake Lighthouse, which is a rigid ocean-platform located in the Atlantic Ocean in Virginia's coastal waters (Fig 3) . The nearby waters offer a broadband shortwave surface albedo that is fairly spatially homogeneous over regions comparable to the size of the CERES instrument FOV (~15 km at nadir); and relatively more homogenous for the smaller 
PLATFORM DESCRIPTION. The Chesapeake Lighthouse ocean platform
is a multi-level steel structure that was built in 1965 by the US Coast Guard, and was designed for a full time crew of eight to ten people. Although currently unmanned and automated, the platform includes reasonable living accommodations for short term deployments, including a kitchen (complete with a stove and refrigerator), a recreation room, seven bedrooms, and a full bathroom. These amenities are powered by a 40 kW diesel generator when necessary (typically after dark). In 1997, NASA Langley entered into a fifteen year use agreement with the Coast Guard to allow the placement of atmospheric and oceanic sensors on the platform; NASA personnel maintain these sensors approximately every 14 days.
The quarters building measures approximately 25 x 25 m, and is situated 22.3 m above mean sea level on pylons that are embedded in the continental shelf. A tower is located on the Southeast corner of the platform, hosting the atmospheric radiation sensors at 37.5 m above mean sea level. Oceanic irradiance sensors are mounted at a lower level on a walkway that extends 8 m from the western-most side of the structure (22.3 m above mean sea level). A helicopter landing deck is located on top of the quarters building at 25.3 m above mean sea level. The sandy bottom on the ocean floor is at a depth of 11.5 m below mean sea level and is not visible with the naked eye from anywhere on the {PAGE } platform (except on extremely clear ocean water conditions). Such clear conditions have has been observed once during the period associated with the COVE project.
Equipment is ferried to the COVE site by sling loading underneath a helicopter or by boat transportation (in which case a one ton hoist lifts the equipment from the boat to the quarters building). Electrical power for the instruments, computers and communication equipment is provided by large battery banks, which are continuously recharged by solar panels. Nighttime augmentation of the battery banks by a diesel generator is also possible when natural resources are inadequate. Data are transmitted to the various instrument owners by satellite or a fractional T1 Ethernet implemented over a microwave link to the shore. Video cameras are used to identify presence or absence of recreational fishing boats which may be in the FOV of the upwelling sensors.
OBSERVATIONS AT COVE. Long-term measurements are desirable so large sample sizes remain when the datasets are parsed to highlight specific atmospheric conditions (clear-sky, overcast, low aerosols, etc). Five years of continuous basic radiation observations have been collected at the COVE site thus far.
The COVE site hosts five observation networks which we discuss in this section.
Broadband irradiance measurements are collected as part of the Baseline Surface Radiation Network (BSRN) of the World Meteorological Organization (Ohmura et al., 1998) at COVE. Aerosol optical depths and atmospheric radiance fields are collected as part of NASA's Aerosol Robotic Network (AERONET; Holben et al., 1998 (Ohmura et al., 1998 , McArthur, 2005 . [Radiometers on ships and buoys, which are all rocked by waves, simply do not meet the BSRN requirement of measurement from a stable platform.] A pyrheliometer mounted on a solar tracker that points within 0.1
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degrees of the sun is used to obtain the direct solar irradiance. The same tracking system provides a shading mechanism for a shortwave pyranometer (for the diffuse irradiance measurement) and the longwave pyrgeometer (to prevent direct solar heating of the instrument's sensor dome). The direct measurements and the shading system for the diffuse measurements have a 5 degree field of view, enabling the proper component summation of direct and diffuse radiation (Iqbal, 1983 Frohlich, 1991) . Once each year, we calibrate the operational pyrheliometer and pyranometers (in place) using an absolute cavity pyrheliometer (Forgan, 1996) . The absolute cavity pyrheliometer is tied to the World Radiometric
Reference through the International Pyrheliometer Comparison at the World Radiation
Center every five years, and the Regional Pyrheliometer Comparison all other years.
Pyrgeometers are calibrated every other year at the World Radiation Center. A reference pyrgeometer is also maintained by involvement in international intercomparisons carried out every few years (Philipona et al, 2001 ).
NARROWBAND IRRADIANCE OBSERVATIONS. Additional atmospheric
measurements sponsored by CERES at COVE include total and diffuse narrowband irradiance measurements, which are accomplished using a Multi-Filter Rotating Shadowband Radiometer (MFRSR) and an UltraViolet-MFR (UV-MFR) manufactured by Yankee Environmental Systems (Harrison et al., 1994) . These units use a rotating shadowband to periodically shade a horizontal detector, allowing intermittent measurements of diffuse and total irradiance. The irradiance difference (i.e., totaldiffuse) is used to calculate the direct irradiance. The aerosol optical depth, and total column water vapor are calculated as described by Michalsky et al. (1995 The spectral width of the filters for the MFRSR are nominally 10 nm wide (full width at half maximum) and the filter widths for the UV-MFR are nominally 2 nm wide (full width half maximum).
We calibrate both the MFRSR and UV-MFR for aerosol optical depth by periodically sending them to a mountaintop location where the aerosol loading is extremely low (Mauna Loa, Hawaii). Langley analyses are used to calculate the TOA instrument voltages, V 0 (refs) . Additionally, we also calculate the TOA irradiances associated with the V 0 for the UV-MFR by integrating the Solar Radiation and Climate Experiment (SORCE) satellite measurements over the spectral response function of each UV-MFR filter. In this way, we were able to determine absolute calibration factors for the UV-MFR that are linked to the sun as a source. We have applied these calibration factors to the spectral UV irradiance measurements obtained at the COVE site. Finally, we note that these mountaintop measurements also indicate the stability of both instruments. The direct sun measurements are used to infer multi-spectral aerosol optical depths and total column precipitable water when the path between the instrument and the sun is free from clouds (AOT refs; Bruegge et al., 1992; Smirnov et al., 2000) . The sky radiance scans are used to infer the columnar aerosol size distributions and refractive indices for the 0.44, 0.67, 0.87, and 1.02 microns wavelengths . Hence, the dataset is useful for validation of satellite aerosol optical depth retrievals, as well as characterization of aerosol properties that are unavailable from satellite sensors (i.e., size distributions and refractive index). The AERONET data archive is supported by NASA's Earth Observing System, and available at { HYPERLINK "http://aeronet.gsfc.nasa.gov/" } . The archive contains data from the COVE site since October, 1999.
PHOTOSYNTHETICALLY ACTIVE RADIATION

ACTIVE RADIATION MEASUREMENTS. COVE hosts two active radiation measurements; a Micro Pulse lidar for NASA's Micro Pulse Lidar Network (MPLNET)
and a Global Positioning System (GPS) receiver for the National Oceanic and Atmospheric Administration's GPS Integrated Precipitable Water (GPS-IPW) project.
The Micro Pulse lidar at the COVE site is an eye-safe system capable of continuously determining the aerosol layer height, cloud layer height, and cloud structure (Welton et al., 2001 GPS technology may be used to determine the total column precipitable water vapor . The basic principle is that a GPS microwave radio signal suffers an atmospheric time delay in its transit from a satellite to the surface, and the magnitude of the delay is dependent upon the amount of water vapor in the signal path. A network of multiple GPS satellites can be used to estimate the magnitude of the equivalent zenith tropospheric delay above any GPS receiver in the network.
Temperature and pressure data at the site are used to subtract the dry component of the zenith tropospheric delay to obtain the zenith wet delay, which in turn is related to the integrated precipitable water. Data is available at the NOAA Forecast Systems Laboratory GPS Meteorology website ( { HYPERLINK "http://www.gpsmet.noaa.gov/" } 
CHESAPEAKE LIGHTHOUSE AND AIRCRAFT MEASUREMENTS FOR SATELLITES (CLAMS). The CLAMS field campaign was conducted in summer 2001
to validate aerosol and radiation products derived from the MODIS, Multiangle Imaging SpectroRadiometer (MISR), and CERES instrument data taken from the EOS Terra spacecraft . The synergy of a comprehensive field campaign with multi-spectral imagery (MODIS), a multi-angle sensor (MISR), and broadband accuracy (CERES) on a single spacecraft provides unprecedented data for diagnosing particular aspects of aerosol radiative forcing (i.e., Jin et al., 2005 , Ignatov et al., 2005 , which is a critical uncertainty factor in decadal scale climate change.
The aircraft deployment around COVE during CLAMS included the MODIS airborne simulator (Gatebe et al., 2005) and AirMISR on the ER-2 at 20 km; a interferometer in the high resolution thermal infrared on the experimental Proteus for sensing temperature, humidity, and aerosol effects (Smith Sr. et al., 2005) ; the Ames Airborne Sunphotometer (AATS-14) remotely sensed spectral aerosol optical depth and in situ measurements of aerosol physical (Magi et al., 2005) and chemical (Castanho et al., 2005) properties on a CV-580 at various altitudes; broadband PSPs on a low level OV-10 ; and a photopolarimeter on a Cessna (Chowdhary et al., 2005) . The ocean surface is the most ubiquitous boundary condition for solar photons approaching the earth-atmosphere system, and both the brief (physical: Boicourt, 1981 Roman and Boicourt, 1999 , biological: Rutledge and Marshall, 1981 , Grothues and Cowen, 1999 , chemical: Bates and Hansell,1999 . The dynamic buoyant plume transports nutrients, biotic and abiotic materials from the bay into the nearby coastal areas. These materials affect the ocean color of the involved water masses (Johnson et al., 2001) . Near the COVE site, the influence of the plume varies, primarily depending on the rate of discharge from the bay's mouth and the strength and direction of the local winds steering the plume.
Historically, the ocean color community has classified natural waters into two categories to indicate the complexity of the water relative to the water leaving radiances retrieved by satellite sensors. In "case 1" waters, the water leaving radiances are primarily modulated by chlorophyll-a and other components that naturally covary with it (other chlorophylls, zooplankton and degradation products) . In "case 2" waters, chlorophyll, colored dissolved organic matter (CDOM) and sediment loads combine to modulate the water leaving radiances (Sathyendranath, 2000) . In general, the variation of spectral radiances associated with case 2 waters are more complicated than those associated with the case 1 waters. Suspended materials which originate from wave and tidal action in shallow water Likewise, specular reflection is reduced at high sun elevation angles, which also reduces the albedo.
These data lack a correction for the radiative effects of the influence of the ocean platform structure on the upwelling SW irradiances. This correction is likely complicated since it will vary with numerous factors important to the optical properties of the ocean, atmosphere and ocean platform (scattering, reflection, and absorption). Work towards the understanding of this complex correction for the ocean albedo is underway.
These COVE data have been used for validation purposes in a parameterization of ocean albedo using the COART model ( Jin et al., 2004) . The parameterization was developed to allow global climate models access to a dynamic ocean albedo based on multi-year observations of albedo as a function of five parameters (optical depth, solar cosine zenith, windspeed and concentrations of chlorophyll-a). The ocean albedo parameterization results may be obtained at the following website: { HYPERLINK "http://snowdog.larc.nasa.gov/jin/getocnlut.html" } .
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AEROSOL CLIMATOLOGY. It is typical to classify mid-latitude atmospheric aerosols according to their source location as continental, urban, desert, or maritime (Hess et al., 1998) . Aerosols size distributions are usually bimodal. Particles with radii less than 0.6 microns are considered to be part of the "fine" mode, while particles with radii greater than or equal to 0.6 microns are considered to be part of the "coarse" mode.
Urban and continental aerosol size distributions are typically dominated by fine mode particle sizes, while desert and maritime aerosols are typically dominated by coarse mode particle sizes. Spectral optical depth of a sample of small, fine mode sample decreases quickly at longer wavelengths. Aerosol optical depths at COVE are measured using the MFRSR and the AERONET sunphotometer during clear sky periods throughout the year.
Although the Chesapeake Lighthouse is located 25 km from the nearest land mass, the aerosols at this location are generally dominated by small particle sizes; they are consistent with urban/continental aerosols rather than the large particle sizes associated SATELLITE VALIDATION. The CERES satellite instruments measure broadband radiance at the top of the atmosphere to monitor climate change; these measurements are also incorporated with additional satellite measurements and climatological datasets into a fast radiative transfer code to infer surface irradiances (Fu and Liou, 1993; Charlock and Alberta, 1996) . This retrieval of broadband irradiance at the surface is important because that is where we feel the impact of climate change. Below, we show how the CERES retrieval of surface irradiance over the ocean at COVE compares to the retrieval of irradiances over various land scenes classified by the International GeosphereBiosphere Programme (IGBP; Brasseur et al., 2005) .
Satellite retrievals of aerosol optical depth over land are plagued with uncertainties in the often substantial surface albedo; the ground usually reflects more to space than do aerosols -which is not the case over water. This adds additional uncertainty to the retrievals over land (see below). We use the MODIS aerosol optical thickness product at a wavelength of 660 nm (MOD04/L2) for the satellite retrieval (Kaufman et al., 1997) and the AERONET product at a wavelength of 670 nm for the surface measurement (Holben et al., 1998 (Holben et al., , 2001 . Note that the MODIS Atmospheres group uses different retrieval algorithms depending on whether the retrieval is over land or over ocean, whereas surface measurements simply utilize the extinction law at all locations worldwide (Shaw et al., 1973) . 
COMPARISON OF AEROSOL LOADING FROM SATELLITE
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Longwave
Wavelengths containing the majority of energy emitted at terrestrial temperatures (sometimes called infrared thermal wavelengths). This spectral region spans the 5-50 micron wavelengths for surface instrumentation.
Broadband
Radiation measurements over the entire shortwave or longwave spectral regions.
Narrowband
Radiation measurements over discrete spectral regions, usually about 0.01 microns wide.
PAR
Photosynthetically-active radiation; the spectral region from 0.4 -0.7 microns.
Field of View Global
Irradiance measurement, 2 pi steradian (hemispheric) field of view.
Direct
Radiance measurement of solar beam, 5 degree field of view.
Diffuse
Irradiance measurement with an instrument that is shaded from the direct solar beam.
Instruments Pyranometer
Irradiance measurement of shortwave energy.
Pyrgeometer
Irradiance measurement of longwave energy.
Pyrheliometer Radiance measurement of direct solar energy.
MFRSR
Multifilter Rotating Shadowband Radiometer; shaded and unshaded narrowband irradiance measurements.
Sunphotometer Direct and diffuse narrowband radiance measurements at multiple wavelengths. 
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The COVE site is more similar to the bay site with respect to the chlorophyll concentrations (presumably Case 2). Validation for the chlorophyll retreival algorithm used by SEAWIFS has only been validated for the Gulf Stream site (presumably Case 1 water type). because optimal atmospheric conditions were observed using multiple radiation, aerosol and microphysical instruments from the ocean platform, the Terra satellite platform, and six aircraft platforms ( NASA's ER-2, University of Washington's CV-580, NASA GISS' Cessna 210, and Hampton University's Proteus, NASA Langley 's OV-10 and Lear 25C) involved with the IOP.
The LANDSAT TM data of the DOE ARM SGP site (a) is shown in contrast to the spatially uniform ocean background surrounding
